Background: Breast cancer is the most common cancer in women. Histopathology plays an important part in determining the treatment strategy for women with breast cancer. GSTP1 plays an important role in protecting cells from cytotoxic and carcinogenic agents and it is expressed in normal tissues at variable levels in different cell types. CDH1 plays a critical role for establishment and maintenance of polarity and differentiation of epithelium during the development period. Also, it plays an important role in signal transduction, differentiation, gene expression, cellmotility and inflammations. Methods: In this study the promoter methylation levels of GSTP1 and CDH1 gene which are associated with breast cancer were investigated by technique of Methylation Sensitive High Resolution Melting Analysis (MS-HRM). We analysed primary tumor core biopsies from 80 high-risk primary breast cancer patients (tumors ≥ 2 cm and/or lymphatic metastase and/or distant metastases and/or under 40 years). Also the patients' histopathologic types were associated with the methylation levels. Results: In our study the promoter hypermethylation status was observed at different rates; GSTP1 and CDH1 hypermethylation frequencies were 82% and 95% respectively. The promoter hypermethylation levels of the genes were found to be significant with lymph node positivity, ER positivity and HER2/neu negativity.
Introduction
Cancer is a process fuelled both by genetic alterations and epigenetic mechanisms.
Epigenetics refer to changes in gene expression that can be mitotically inherited, but are not associated with the changes in the coding sequence of the affected genes [1] . In other words, epigenetics refer to the inheritance of information based on gene expression levels, in contrast to genetics that refer to transmission of information based on gene sequence [2] .
Hypermethylation is an epigenetic change that blocks the promoter region of a gene and results in gene silencing. In breast cancer, tumor-related genes may be silenced by hypermethylation; many hypermethylated genes have been reported, and silencing of these genes plays important roles in carcinogenesis and tumor progression [3] . Identification of epigenetic changes and their correlation with other clinical factors could lead to improvements in cancer diagnosis and treatment.
Pi-class glutathione-S-transferase (GSTP1) located on chromosome 11q13 encodes a phase II metabolic enzyme that detoxifies reactive electrophilic intermediates. GSTP1 plays an important role in protecting cells from cytotoxic and carcinogenic agents and it is expressed in normal tissues at variable levels in different cell types. Altered GSTP1 activity and expression have been reported in many tumors and this is largely due to GSTP1 DNA hypermethylation at the CpG island in the promoter-5'. Glutathione S-transferase P1 (GSTP1) is a biotransformation enzyme expressedin normal breast epithelial cells which can be epigenetically inactivated in breast cancer [4] .
CDH1 (E-cadherin) acts as a transmembrane glycoprotein that is important in epithelial cell-cell interactions, and also interacts with α and β catenin together with actin in cytoskeleton [5] [6] . CDH1 plays a critical role for establishment and maintenance of polarity and differentiation of epithelium during the development period [7] . Also, it plays an important role in signal transduction, differentiation, gene expression, cellmotility and inflammations [8] . However, somatic loss of CDH1 expression is associated with lobular breast cancer [9] . Besides the mutational changes observed in gene expression, there are evidences for epigenetic silencing of CDH1 gene including promoter region methylation in CpG sites [10] [11] . Loss of CDH1 expression in cancer cells leads to a diffused growth pattern and metastasis potential in tumors; thus, CDH1 generally acts as a tumor suppressor gene [12] .
Promoter methylation of cancer-related genes has been demonstrated to be one of the most important molecular abnormalities in cancer [13] . Aberrant DNA methylation at the cytosines of CpG dinucleotide-rich islands presents in the promoter region of genes; it is associated with the formation of repressive chromatin structure and leads to the silencing of gene expression. CpG island hypermethylation leads to the loss of expression of various genes involved in tumorigenesis such as tumour suppressor genes, DNA repair genes and metastasis suppressor genes. DNA methylation changes are believed to be an alternative [13] . Since DNA methylation differs in different cancer types and changes at different stages of tumour progression we have assessed whether DNA methylation profiling may be used clinically to distinguish theearly diagnosis of cancer, tumorclassification, prognosis, the regulation of treatmentprotocols, response to treatment and cancer prevention may belight onways tocontrol [14] .
Thus, the objective of the present study was to evaluate 2 tumor suppressor genes (CDH1, GSTP1) frequently found to be methylated in breast cancers but not in normal breast tissue, when combined with the methylation-sensitive high resolution meltinganalysis methods to assess promoter methylation status, would lead to a sufficiently sensitive and specific methylation marker.
We analyzed promoter methylation in DNA from Formalin-fixed, paraf- 
Material and Methods

Sample Collection and DNA Preparation
Bisulphite Modification
Approximately 250 -500 nanogram of genomic DNA was bisulphite modified using the EpiTect Bisulphite kit (Qiagen) according to the manufacturer's instructions. The modified DNA was eluted three times in 50 µl buffer EB. CpGenome TM Universal Methylated DNA (Chemicon/Millipore, Billerica, MA) and CpGenome Universal Unmethylated DNA were used as fully methylated and unmethylated controls, respectively. Methylation standards (under 25%, 25%, 50%, 75% and 100%) made by diluting the fully methylated control in the unmethylated DNA were used as controls. Whole-genome amplification (WGA) was also used to make a fully unmethylated control and performed as previously described [15] .
Methylation-Sensitive High Resolution Melting (MS-HRM)
Methylation analysis was performed using MS-HRM in which the approximate level of methylation and presence of heterogeneous methylation can be determined in bisulphite modified DNA [16] . Since methylated samples have more cytosines compared to unmethylated samples after bisulphite modification, the methylated samples melt later than unmethylated samples. Methylated samples with different methylation status will therefore have distinct methylated and unmethylated peaks depending on the levels of methylation. Complex melting profiles were seen in heterogeneously methylated samples as multiple heteroduplexes may be formed [17] .
PCR amplification of the DNA was carried out using a Roche LightCycler 480
(Roche Applied Science, Laval, PQ, Canada) equipped with the Gene Scanning software (Version 1.5.0). MS-HRM primer details are listed in Table 1 . Promoter CpG islands in the promoter were identified in each gene for designing the primers. The primers were designed according to the principles outlined previously [17] . Amplicons were generally less than 100 base pairs in size so that amplification from the majority of FFPE DNAs waspossible. It is important to note that a touchdown PCR protocol as recommended by the LC480-HRM Master Mix was not adopted. Inclusion of a touchdown PCR protocol would have favoured the PCR bias towards the higher melting and thermodynamically more stable methylated DNA product.
The high resolution melting (HRM) step was performed after 50 cycles of amplification. The HRM analysis was initiated by denaturing all products at 95˚C for 1 min, followed by annealing at 40˚C for 1 min. Samples were quickly Table 1 . MS-HRM primer details (M: Methylated, U: Unmethylated, F: Forward, R: Reverse).
Genes Primers Mix® employed a saturating dye (ResolLight™, Roche) which facilitated the precise measurement of the melt curves of the amplicons. The Roche Gene Scanning software was employed for end product analysis. This algorithm allowed the raw melt curves to be normalized for fluorescence intensity, and a temperature shift was applied to align the normalized melt curves, which facilitated the analysis of samples with varying crossing point (Cp) values. A difference curve was then derived from the first derivative of the melt curves. Data for the difference melt curves were exported to Excel (Office 2010; Microsoft Corp., Redmond, WA, USA) for further analysis after the graphs were plotted and inverted vertically. Both peak-height and area-under-the-curve from the normalized, temperature-shifted, difference curves were used to generate a standard curve and determine the degree of methylation of each DNA sample.
Statistical Analysis
Methylation levels of genes have been identified by comparing the peaks of controls and the patients' samples. Initially the patient's samples were grouped based on the prevelent prognostic factors such as age, disease stage, tumortype, lymphnode metastasis, ER, PR and HER2/neu. Then the methylation levels of these groups were compared to each other.
The v2 test and binary logistic regression were used to analyse the relationship of methylation with the clinicopathological findings. The analyses were carried out with SPSS version 17.0 (SPSS Inc., Chicago, IL). A two tailed P-value of less than 0.05 was considered to be statistically significant for each comparison.
Results
Patient Characteristics
Patient characteristics included in this study are summarised in Table 2 
Methylation Status in Primary Breast Tumor Samples
A detail summary of the promoter hypermethylation frequencies of 2 genes in 80 primary breast tumours are shown in Table 3 and Table 4 . Examples of the MS-HRM results are shown in Figures 1-8 . Two genes showed detectable promoter methylation in primary breast tumours. GSTP1 and CDH1 were methylated in 82% and 95% of primary breast tumors, respectively. Advances in Breast Cancer Research 
Correlation between DNA Methylation and Clinicopathological Parameters
When the only methylated groups were compared, there is no correlation between the GSTP1 and CDH1 genes promoter hypermethylation and tumor stage (p > 0.05) and age (p > 0.05). Both CDH1 and GSTP1 genes promoter hypermethylation was found to be significant for lymph node positivity [CDH1 = (p < 0.05), GSTP1 = (p < 0.001)], ER positivity (p < 0.05), and HER2/NEU negativity (p < 0.05). The correlation details are listed in Table 5 and Table 6 .
Discussion
Nowadays many studies were conducted examining several genes for epigenetic mechanisms. Methylation has been the most important field of the epigenetic changes. Most of the researchers interested in understanding the role of methylation of cancer genetics in recent years because of the methylation profiles of different genes in cancer and focused on results.
Researchers examining the changes in the genome methylation profiles have used many different techniques. With the addition of these techniques with each passing day, new methods in this research area has reached large proportions, and many clearly defined changes in gene methylation.
In recent years Methylation-sensitive high resolution melting (MS-HRM)
analysis method is newly used in throughout, as well as in our country. An important feature of our study is that breast cancer cases in the methylation analysis of this method are used for the first time. Figure 1 . Melting curve shows the methylation standards (25%, 50%, 75% and 100%) made by diluting the fully methylated control into the unmethylated DNA were used as controls.
A recent study examined the methylation of two genes in primary breast tumours. It is difficult to compare our results to theirs because the methodologies used are so different. Nested MSP is non-quantitative and even low amounts of background methylation will be scored whereas MS-HRM can be used for semi-quantitative estimation of methylation [17] .
Breast cancer shows different clinical symptoms after being diagnosed. There are some biomarkers that are needed in order to calculate the risk of recurrence Advances in Breast Cancer Research of the disease, identify the subgroups with poor prognosis and determine the treatment to be given. In this way, it is possible to identify groups of patients whose prognosis is very good but who can't see any advantage of systematic treatment or whose prognosis is very bad and who need to have an aggressive treatment. The standard breast cancer prognostic factors are as it follows; tumor size, lymph node involvement, histologic grad, ER and PR status. Lymph node involvement is the most powerful known prognostic factor in patients with breast cancer. The lymph node involvement has clinically been detected 50% of breast cancer patients. Lymph node involvement is associated with tumor size but ER and PR have been found to be independent. For many years now, Steroid receptors have been used for breast cancer treatment decisions. The positivity of ER (37% -80%) and PR (45% -69%) rates have been reported in invasive cancers. The rate of ER-positive cells is associated with the degree of differentiation and the tumor's response to hormonal therapy. The ER-positive tumor cells ratio is associated with response of hormonal therapy and differentiation degree. In general, tumors have a good prognosis with high levels of ER [18] . Two high response rates to treatment of tumors are ER and PR positivity tumors. PR indicator which is likely to be a better response to endocrine treatment in case of recurrence of the disease is associated with overall survival [19] [20] . HER2/neu has also prognostic and predictive significance in breast cancer. HER2 amplification and overexpression have been reported in approximately 25% -30% of breast cancer patients. HER2 positivity is closely associated with the aggressive behavior of the tumor and a poor prognosis. Advances in Breast Cancer Research Figure 6 . 100% of unmethylated sample and the control group seen in normalized and temperature shifted difference plot by gene scanning. According to a study, there are no correlation between histopathologic types and GSTP1 promoter hypermethylation. They found GSTP1 hypermethylation 36 out of 124 (29%) with nested PCR method. Also they showed the methylation ratios of the patients in invazive ductal hyperplasia, in situ ductal carninomas and invazive ductal carcinomas were 4/24 (16.7%), 18/49 (36.7%), 14/36 (38.9%) respectively. They showed no hypermethylation in normal breast tissues which were used for control group. The promoter hypermethylation of GSTP1 were seen in early stages of breast cancer progression. Also the frequecies of methylation increases from normal tissues to invazive ductal carcinomas [21] .
In our study we found higher methylation level than as Lee et al. found [21] .
We found GSTP1 hypermethylation 66 out of 80 (82%). Our results show an increased level than comparing with the other research caused by the different technique. Nested MSP is non-quantitative and even low amounts of background methylation will not be scored whereas MS-HRM can be used for semi-quantitative estimation of methylation and it'smore sensitivity and specificity than the MSP. Also we found different rates of methylation. When we compare the histopathologic types, there is no correlation between age and tumor stage but we found GSTP1 gene promoter hypermethylation in ER(+) 44 Table 6 . Associations between gene promoter hypermethylation and clinicopathological features of breast cancer.
Totally: 80 patients 66 (82) 14 (18) 76 (95) Another study showed a correlation between 19 out of 24 (79%) ER(+) and 13 out of 24 (54%) lymph node(+) with GSTP1 promoter hypermethylation. They found GSTP1 hypermethylation 24 out of 174 (14%) with methylation spesific PCR method. They indicated that the status of CpG islands hypermethylation of the GSTP1 gene is statistically significant prognostic factor in breast cancer [22] .
In our study we found GSTP1 hypermethylation 66 out of 80 (82% [23] .
For RASSF1A, CCND2, GSTP1, TWIST, and APC genes, the proportion of methylated genes was significantly higher in the ER-positive than in the ER-negative tumor group. However, no significant differences in methylation status were detected in NES1, RARβ2, and CDH1. They were analyzed in terms of the relation between ER status and HER2/neu status. Using matched samples, no difference was found in the frequency of HER2/neu-positive tumors between the ER-negative and ER-positive groups. Then, the differences in methylation status of all eight genes were analyzed between the HER2/neu-positive and HER2/neu-negative tumor groups [23] .
The proportion of methylated RASSF1A, GSTP1 and APCgenes was significantly greater in the HER2/neu-positive than in the HER2/neu-negative tumor group; no significant differences in methylation status were detected for TWIST, NES1, RARβ2, and CCND2. Among the eight biomarkers studied, CDH1
showed predominance of methylation status in HER2/neu-negative tumors by univariate analysis [23] .
Shinozaki and his colleagues (2005) analyzed 6 (RASSF1A, APC, TWIST, CDH1, GSTP1 and RARβ2) genes promoter hypermethylation in 151 primary breast tumors by MSP [24] . They found CDH1 and GSTP1 promoter hypermethylation 53% and 21% respectively. When they were compared the histopathologic types (age, stage, menopausal status, tumor size, lymph node metastasis, ER, PR) and the promoter hypermethylation of the genes, they found the association between GSTP1 hypermethylation and lymph node metastasis; also CDH1 promoter hypermethylation and lymphovascular invasion and ER negativity were associated [24] .
In our study we found CDH1 promoter hypermethylation 76 out of 80 (95%). This is an expected result due to the fact that the CDH1 gene is an invasion gene. When we compare the histopathologic types of tumor and the methylation levels, GSTP1 promoter hypermethylation correlates with ER positivity [(51 out of 76 (67.1%)], CDH1 gene methylation correlates with HER2/neu negativity [(47 out of 76 (61.8%)]. This is an expected result that among large tumor size, excess number of cases with stage III and lymph node metastasis related with the HER2/neu negativity and CDH1 promoter hypermethylation.
Conclusions
Epigenetic mutation changes gene expression without any difference in DNA sequence and is effective as genetic change is in cancer formation. Promotor region hypermethylation causes gene silencing and especially important significant in neutralization of the tumour supressor genes. Determining the epigenetic changes observed in cancer cells and increasing data related to the issue is grad-ually becoming important in terms of prevention of cancer, determination of prognosis and development of therapeutic approaches. This situation highlights the importance of methylation as a tumor marker.
Examining the methylation profiles of CpG islands in cancer studies in this direction, with data provided from the early diagnosis of cancer, tumor classification, prognosis, treatment protocols, regulation, response to treatment may lead the way for controlling and preventing the cancer. For personalized treatment the quantitive results of the methylation levels of the genes are important for the use of demethylation agent for each patient. Also the promoter hypermethylation of CDH1 and GSTP1 genes can be used as a biomarker for detection of early stages of breast cancer progression.
